INTRODUCTION
Behavioral plasticity is common among vertebrates, and is particularly frequent among mammals (Eisenberg 1981 , Partridge & Green 1985 . Since foraging behavior consumes a large portion of an animal's time budget, it is not surprising to see variation within populations (Partridge & Green 1985) . Humpback whales Megaptera novaeangliae (Borowski, 1781) , feed on a variety of relatively small prey species (see Ingebrigtsen 1929 , Jurasz & Jurasz 1979 , Watkins & Schevill 1979 , Hain et al. 1982 , 1995 , Hays et al. 1985 , Kenney et al. 1985 , Friedleander et al. 2009 , Hazen et al. 2009 ) by engulfing a large volume of water containing prey and separating food and water using sieve-like baleen plates (Slijper 1962 , Mackintosh 1965 . However, humpback whales have unique behavioral and morphological adaptations that distinguish them from other baleen whales, because humpback whales capture prey by engaging in complex feeding maneuvers that are often accompanied, in several instances, by the use of air bubbles (Wiley et al. 2011) . Moreover, these bubble-feeding behaviors appear to vary in nature among both individuals and regions (Wiley et al. 2011 ).
Behaviorally, two main feeding behaviors have been documented from surface observations of humpback whales, all in both the North Atlantic and North Pacific populations: (1) 'bubbling' where the whales produce underwater exhalations followed by lunge, and (2) 'lunging' where the lunge is not preceded by underwater exhalations (Ingebrigsten 1929 , Jurasz & Jurasz 1979 , Watkins & Schevill 1979 , Hain et al. 1982 , D' Vincent et al. 1985 , Weinrich et al. 1992 , Sharpe 2001 , Leighton et al. 2004 . For bubbling behavior, humpback whales are known to produce a variety of configurations, such as complete bubble nets (Ingebrigsten 1929 , Jurasz & Jurasz 1979 , Wiley et al. 2011 ), curtains and clouds (Hain et al. 1982 . Other regional specific foraging techniques, which may also involve the use of bubbles to manipulate prey organisms, include flick feeding and lob-tailing, where bubbles are injected into the water column by a rapid movement of the flukes (Jurasz & Jurasz 1979 , Hain et al. 1982 , Weinrich et al. 1992 . For the lunging behavior, humpback whales feeding near the surface also exhibit a variety of types, such as lateral (or rolling) and vertical lunge (Jurasz & Jurasz 1979 , Hain et al. 1982 , Sharpe 2001 , Cunning et al. 2011 . Other regional specific behaviors include inverted lunge feeding (Jurasz & Jurasz 1979) , circular swimming/thrashing and inside loop (Hain et al. 1982) . Hays et al. (1985) also described an additional feeding behavior in which humpback whales form and utilize a surface slick. Additionally, some whales also feed on the bottom (bottom rolling and jaw scuffing) (Swingle et al. 1993 , Hain et al. 1995 , Friedlaeander et al. 2009 , Cunning et al. 2011 ).
The information regarding the feeding behavior used by humpback whales in the Southern Hemisphere is limited. For humpback whales in the Western South Pacific, three opportunistic foraging behaviors ('vertical', 'lateral' and surface 'skimming' lunge) have been observed during their southward migration (Gill et al. 1998 , Stockin & Burgues 2005 , Stamation et al. 2007 . In these cases, the prey species were a type of small schooling baitfish or euphausiids, such as Nyctiphanes australis. For the Eastern South Pacific humpback whale population, two feeding areas have been recently recognized, the historical feeding area on the Antarctic Peninsula (Kellogg 1929 , Townsend 1935 , Mackintosh 1965 , and a new feeding area in the central-south portion of the Fueguian Archipelago, in the Magellan Strait, Chile (Gibbons et al. 2003 , Acevedo et al. 2004 1 , 2007 , Acevedo 2005 (Fig. 1 ). In the Antarctic Peninsula region, 'complete bubble net', 'lateral' and surface 'skimming' lunge behaviors were also reported, utilized for the capture of Antarctic krill (Euphausia superba) (Acevedo et al. 2008 ). In the Magellan Strait feeding area, the vast majority of whales apparently feed in mid-water and the limited observations mentioned regarding feeding behavior have only referred to 'vertical' lunge and possible 'flick' feeding behaviors for feeding on Fueguian sprats (Sprattus fueguensis) and lobster-krill (Munida rugosa) (Gibbons et al. 2003) .
The aim of the present study was to provide the first qualitative descriptions of the surface feeding behaviors used by humpback whales in Magellan Strait, based on opportunistic surface events seen between the 2003-2007 austral summer seasons. Some of the feeding behaviors reported here are novel for humpback whales. Additionally, we examine the preliminarily hypothesis of whether differences in prey type could determine the surface feeding behavior observed in this feeding area. 
FIELD OBSERVATIONS
Opportunistic observations of surface feeding behavior were made during the research surveys (including photoidentification and skin biopsy experiments) conducted by the Fundación Centro de Estudios del Cuaternario (CEQUA Foundation). The feeding observations were made from the motor-vessel Chonos (16 m) between the 2003 and 2007 austral summer seasons. All observations of surface feeding were made at close distances (4-20 m) from the whales during daylight and under favorable weather conditions (wind speed less than 20 knot and visibility of 3-4 nm), and were complemented by digital photographs as well as video image recording. For consistency and clarity we used the feeding ecology terminology used in previous studies (e.g., Jurasz & Jurasz 1979 , Hain et al. 1982 .
The prey species eaten by humpback whales at the surface were observed and photographed in the field and then collected using a WP2 net of 250 μm mesh plankton net, and the fish (dying or dead on the surface) were collected using a hand net of 2 cm mesh net mounted on a pole. Prey species were identified at the laboratory to the lowest taxonomic level. In some cases the prey species being consumed by the whales were also filmed under the surface using a small underwater video system UWC-325. All whales engaging in feeding activities were photoidentified (Katona et al. 1979) to investigate whether the same individuals used multiple feeding behaviors for the same or different prey species.
The feeding behaviors observed in the Magellan Strait humpback whales at the surface are presented using schematic figures. In addition we estimated the angle on the sagittal plane when the whale intercepted the surface. The angles were measured from a set of pictures using a digital protractor.
RESULTS AND DISCUSSION
A total of 20 opportunistic observations of surface feeding behavior involving 37 identified whales were made in the Magellan Strait feeding area. A summary of the feeding behaviors observed in the study area is shown in Table 1 .
SINGLE STRAIGHT-LINE BUBBLE CURTAIN
There were four independent observations involving groups composed of two whales. The whales swam in the same direction and parallel to the coast at a distance of less than 30 m to the shoreline. When the whales dive, numerous small bubbles were observed at the surface, forming a regular and single straight-line of bubbles approximately 20 to 25 m long, suggesting that only one individual was blowing to create the line bubble curtain. After that the individuals appeared at the surface blowing once or twice and then dived in opposite directions between the line bubble curtain and the coast (Fig. 2) . No gulping was recorded at the sea surface suggesting that the whales fed below the surface. Then the whales swam slowly on the sea surface for 3-4 min and repeated the activity 2-4 times, close to the original starting point.
In all cases the surface behavior was synchronized between the members. This feeding behavior was observed only in coastal areas with cliffs of over 30 m in height. In all cases, the target prey species, which was observed jumping out of the water, collected and examined at the laboratory, were fueguian sprat.
VERTICAL LUNGE
There were six independent observations involving ten identified whales. In this feeding behavior the whales swam below the sea surface appearing at the surface with their open mouth and a distended throat region, trapping the prey at the sea surface. Before the whales settled back into the water they closed their mouth at the surface.
Two variations, 'slow' and 'fast' vertical lunges were identified according to the speed and angle that the whales surfaced (Fig. 2) . In the 'slow' vertical lunge the rostrum intercept the surface slowly at oblique angles (mean = 40°, range = 28°-52°), with less than one-third of the body clearing the surface. Sometimes the whales settled back into position and slightly rolled to the right. In all the tracked groups t (n = 4) this behavior were observed in waters with depth < 100 m and were typically preceded by a blow, peduncle arch or fluke up. Such behaviors were always in the direction where flocks of sea birds and groups of Southern fur seals (Arctocephalus australis) were recorded simultaneously in active surface feeding. The group size ranged from one to three individuals and the target prey species was identified as the fueguian sprat. This activity was always synchronized among the members, in a close interindividual distance and repeated only two or three times for the different groups tracked. Only in one case a same individual (whale #053) engaged in different feeding behaviors (slow vertical and skimming lunge) at different times and on different prey species.
In the 'fast' vertical lunge the whale surfaced with the rostrum at a perpendicular angle (80°-90°) and more than one-third of the body cleared the surface before the whale settled back into the water in a vertical position. This variation was recorded only on two independent occasions, for a single individual in two different years, near the coast in waters with depths of more than 70 m. In both cases the target prey species was identified (from photographs and collected samples) as the fueguian sprat. This fast vertical feeding was displayed only one or two times in each instance.
LATERAL LUNGE
There were four independent observations, involving seven identified whales, made in the middle of a channel and in coastal waters with the occurrence of kelp Macrocystis pyrifera. The whales repeatedly exhibited blow and fluke-up dives of short duration (1-2 min) then intercepted the surface in a lateral position (right side up) with their open mouth at an angle of 11°-54° (mean = 41°) for some seconds (~10-15 s) and a distended throat region (Fig. 2) , suggesting that the feeding occurred just below and/or at the surface. During swimming at the surface, the whale moved forming a wide circular arc, and in most cases, the pectoral fin and part of the fluke was also observed above the surface. The end of the activity was marked by rolling the body upright at the surface followed by 2-5 blows. The same behavior was repeated several times in the same place. In all cases the prey species observed, filmed and collected was identified as E. lucens. In some cases flocks of sea birds were also recorded simultaneously in the same area feeding on the same prey species. Single animals or groups of up to two whales were involved. When more than one whale was involved in this behavior, lunges were synchronized between members.
SKIMMING LUNGE
There were six independent observations involving 12 identified whales. This feeding behavior, called here 'subsurface' skimming variation, was observed in the middle of a channel and in coastal waters during two consecutive days where two of those whales were re-sighted using this feeding behavior in different tracked groups t. The whales swam slowly in a normal position, and close enough to be observed clearly below the sea surface, breathing at intervals of 70-97 seconds in a straight direction or in a broad circle. Under the surface the whale´s were seen with their open mouth but closed it briefly from time to time (average = 3 times in each skimming event; range: 2-5) (Fig. 2) . The behaviour was preceded by a dive without the fluke-up, and the end of the activity was marked by several blows (n = 4-5) at the sea surface. This behavior was repeated by the different tracked groups over a period of one hour and always in the same place. Single animals or groups of up to three animals were involved in this skimming variation, and when more than one animal was involved, the lunges were often synchronized among members and in close interindividual distance. In all cases only aggregations of lobster-krill were observed and collected in the water column suggesting that the whales fed on this prey species. Only in one case did the same individual (whale #053) engage in different feeding behaviors (skimming lunge and slow vertical lunge) at different times and on different prey species.
Humpback whales show an extremely varied use of foraging behavior and such behavioral plasticity is illustrated by the many types of strategies and configurations that have been observed in different localities. In the Magellan Strait, at least four feeding behaviors are reported for the humpback whales derived from surface observations. This number increases to five if variations of some of the feeding behaviors (two variations in vertical lunge feeding behavior) are included. Of these, two behaviors (single straight-line bubble curtain and sub-surface skimming lunge) are novel for this species, and the lateral lunge behaviors are also documented for the first time for the Magellan Strait humpback whales. The single straight-line bubble curtain and sub-surface skimming variation could be regional specific foraging techniques. Although the number of focal observations for each surface feeding behavior is limited, the lunging foraging techniques were more diverse than the bubbling behavior observed in this feeding area.
The single bubbling feeding behavior reported here was always associated with the feeding on a single prey species (fueguian sprat) and was always used in locations showing particular geographic characteristics (cliff). There is considerable speculation when explaining whether the bubbles assist the whales in capturing their prey. Some authors suggest that bubbles could be used to contain prey spatially and serve as a barrier against which to herd them (Ingebrigtsen 1929 , Jurasz & Jurasz 1979 , or that bubbles may aid in the detection of prey or serve to mask the approaching whale (Hain et al. 1982) . Sharpe (2001) suggested that Alaskan humpback whales that fed mainly on Pacific herring use bubbles to manipulate prey behavior by constraining the movement of prey schools into more exploitable spatial arrangements or force the school upward in the water column, thus trapping them against the surface. Recent descriptions of the underwater behaviors employed by humpback whales to create bubble nets, suggest that some animals use the spiral net function to compact (concentrate) the whales' prey prior to capture, but other individuals use nets to contain prey (Wiley et al. 2011) .
Meanwhile, the use of particular geographic characteristics as barriers has been observed only in dolphin's species to facilitate prey capture during feeding events (e.g., Würsig 1986). Although our data are limited, the combined use of air bubbles and the particular topography (cliff) in shallow waters close to the shoreline would be consistent with the function of constraining the movement of the school and compact the prey in the water column prior to capture. Clustering behavior is a common response of fish to predators or other frightening stimuli (Pitcher & Parrish 1993) .
The three lunging behaviors reported in the present study (vertical, lateral and skimming lunge) have been reported previously for humpback whales in others localities of the Southern Hemisphere (e.g., Gill et al. 1998 , Stockin & Burgues 2005 , Stamation et al. 2007 , Acevedo et al. 2008 . However, the skimming lunge behavior reported for some individuals in the Southern Hemisphere were observed to skim slowly at the surface, thus thé sub-surface skimming´ observed in the Magellan feeding area can be considered a novel feeding variation that humpback whales use in this particular area to fed on lobster-krill in the water column. Moreover, surface feeding typically occurred in spatially restricted zones where the animal repeatedly crossed the same area. This same pattern describing humpback whales crossing in a spatially restricted zone have also been previously reported by Ware et al. (2011) for humpback whales that feed near the surface, suggesting that the whales are able to exploit a single and small patch.
In all independent surface feeding observations performed in the Magellan Strait, the humpbacks tended to be consistent in their behaviors regarding the prey species available at a given time. Individuals that used lateral and skimming lunge behaviors tended to be consistent in feeding on euphausiid and lobster-krill, respectively; while vertical lunge and single straight-line bubble curtain behaviors were seen only when feeding on fueguian sprat. Moreover, the specific use of one or another behavior to feed on one or another prey species was demonstrated by humpback whale #053 that used slow vertical lunge behavior to feed on fueguian sprat and sub-surface skimming behavior to feed on lobster krill, on a different occasion. However, our data set did not contain a sufficient sample size to fully interpret this association with the prey species available.
Until now, the factors that influence the choice of a determined feeding behavior are still unknown. Variations of the feeding behavior among individuals or between regions have been related to the characteristics of prey species, distribution in the water column, mobility behavior of the prey, variations in food supply and shape of the prey school (Jurasz & Jurasz 1979 , Watkins & Schevill 1979 , Weinrich et al. 1992 , Friedleander et al. 2009 , Hazen et al. 2009 . The choice of feeding behavior may also be based upon the usefulness in a particular habitat (sea floor), as occurs for minke whales in the San Juan Islands (Hoelzel et al. 1989) , or as related to the cliffs in this study (single straight-line bubble curtain feeding behavior). Individual preferences can also play an important role in the choice of a feeding tactic (Nowacek 1999) . The maternal transmission and/or cultural transmission have also been suggested as other factors that might influence the choice of a particular feeding behavior over another behavior (Johnston 1982 , Rendell & Whitehead 2001 , given that dependent humpback whale calves have been observed practicing the same elementary forms of feeding used by their mother (Weinrich et al. 1992 , Stamation et al. 2007 ). However, all these possible factors must be considered as a component more within the complex equation that dictates the feeding strategy of humpback whales.
The surface feeding behaviors reported here, in our view, represent an important step forward in the ecological understanding of a population of humpback whales that have not been studied as much as some of the other Vol. 46, Nº3, 2011 Revista de Biología Marina y Oceanografía populations. However, our observations are confined to the surface and presume some things about the underwater behavior of the whales. For this reason, a more complete picture of the behavioral repertoire (surface and underwater behaviors) together with data on an estimate of prey field density should be obtained for exploring deeper questions of foraging ecology.
